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Continuity and diversity of stem cells（干细胞的连续性和多样性）

Embryonic Stem
(ES) Cells
胚胎干细胞

Fetal Tissue
Stem Cells
胚胎组织干细胞

Cord Blood Stem Cells
Pacental Stem Cells

脐带血干细胞

Adult Stem Cells
成体干细胞
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Main features of embryonic stem cells:
• Pluripotency

• Completely Undifferentiated (low DNA Imprinting)

• Self Renewal (Unlimited Cell Source, 
Colony Formation)

mESC line CGR8



Denker, 2004

Alpha-Fetoprotein

Similarity between embryo and embryoid body

ES cell aggregates

inner cell mass

endoderm

undifferentiated cells

and ectoderm

mesoderm

cardiomyocytes

neurogenesis 1 mm

Time

schedule

(days)

Embryonic stem cells
permanent, undifferentiated, pluripotent

Mesoderm





Endothelial cells Hematipoietic cells

Neuronal cells Glial cells

Smooth

muscle cells

Cartillage and bone Cardiac cells Hepatocytes



First Paper describing the 

functional relevance of ES derived 

cardiomyocytes

(Wobus, Wallukat, Hescheler, 1991)
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ES cells 1 day 3 days2 days 4 days 6 days5 days 10 days7 days

Formation of Embryoid Bodies from CGR8 cells in hanging

drops

Affymetrix Expression Profiling of EBs

RNA preparation

+

microarray analysis

+ -



Principal component analysis (PCA) mapping



Global hierarchical clustering analysis of the
FunGenES microarray data



Differentiated Cells
ca. 200 tissues

Physiological Programming, Differentiation

Embryonic stem cells

Totipotent
cell

Trophoblast

Inner cell mass
(pluripotent)

germlayer „Committed“
cellsEndoderm

Ektoderm
Mesoderm

precursorProgenitor

Adult stem cells

Reprogramming, Dedifferentiation
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Tetraploid ES cell-like cellsES cellAdult cell

Fused hybrid cell

Reprogramming
Cell fusion

Induced pluripotent stem

(iPS) cells

Adult cell Transduced cell

ReprogrammingOverexpression 

of „stemness“

genes

Oct4

Sox2c-Myc

Klf4

Transduction

Enucleated oocyte
Adult cell

SCNT (somatic cell

nuclear transfer)

Blastocyst

SCNT-derived ES cells

Reprogramming

ES cell extract
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Methods to derive autologous stem cells by nuclear 
reprogramming

Shin-Ya Yamanaka

John B. Gurdon

(Nobel Price 2012) 



Gewinnung von Hauptbiopsien

3 days after biopsy



Human fibroblasts derived from a skin biopsy (JH)

Passage 1

Azra Fatima (AG Tomo Saric)
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Undifferentiated human ES and iPS cells
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Human JH1 iPS cell colonies are positive 

for alkaline phosphatase

Azra Fatima (AG Tomo Saric)



Human JH1 iPS cells differentiate into

beating cardiomyocytes

Azra Fatima (AG Tomo Saric)



Concept of Cell Transplantation in 
Regenerative Medicine

Transplantation 

into the diseased

organ

Pluripotent Stem Cells

Multipotent Stem Cells

?

Multipotent Stem Cells

Differentiated

Autologous

Purified

Precursor

Cells

Pluripotent Stem CellsInduced Pluripotent Stem Cells



Vidarsson et al, 2010 Stem Cell Rev and Rep

Cardiomyocyte Differentiation Strategies



Human Cardiac Differentiation 心肌分化

Cardiac progenitors

Day 4

Beating CardiomyocytesHuman pluripotent
stem cells

(Cardiac) Mesoderm

Day 0 Day 1-2 Day 8-10

WNT

WNT
BMP4
FGF2

Human pluripotent stem cell derived cardiomyocyte

Cardiac 
specific 
reporter

Uniform sheet of homogenous, beating cardiomyocytes after 10 days of differentiation in defined conditions

Dr. Stefan Frank
AG Kurian

F1
F2
F3 F4



Cardiac Purification by Lineage Selection

EGFP

Cardiac Cardiac MHC promoterMHC promoter PurPur R R cassettecassetteIRESIRESEGFPEGFP

Pur 0d

Pur 5d

Pur 5d



Differentiation and purification of murine 

iPS-CM in controlled suspension bioreactor

Karsten Burkert (Saric group)



Manuel Corrondo

Paula Alves

Magarida Serra



Attachment of cardiomyocytes to different 
polymer surfaces (from 3D to 2D)



Microscopic 
assessment of 
cardiomyocytes 
purity and 
survival in 
short and long 
term 2D cul-
tures plated on 
fibronectin-
coated surfaces4 days

30 days

2D 3D
?



Schematic of cell aggregation using hanging drop method



MEF

MEFs support reaggregation of single cardiomyocytes in 3D 
cultures within hanging drops (from 2D to 3D)

Day 2 after hanging drop formation

Brighfield Red CMTPX EGFP Merge

Isolated cells

Formation of Speroids

Re-Aggregation 

in hanging

drops

Isolation by

trypsination

cardiobodies



Cellular Cardiomyoplasty

Transplantation of 
• Embryonic cardiomyocytes

• ES-cell derived cardiomyocytes

Embryonic heart

Isolated heart cells

Cardiobodies
(Purified ESC-or iPSC-derived

cardiomyocytes)

+/-
Fibroblasts

Isolated cardiomyocytes

+/-
Biomaterial



5 mm

scheme

Transplantation model

Roell et al, Transplantation 2003
Roell et al, Circulation 2003

Cryoinfarction



Embryonic stem cell derived cardiac precursor
cells after transplantation



Arbeitsbühne

des Vibratoms

Herzventrikel

Herzvorhöfe

zugeschnittener

Agaroseblock

1 mm

Establishment of Slices from Murine Heart Ventricles
to study the functional Integration of Cardiomyocytes into Cardiac Tissue

250 - 350 µm



Establishment of Slices from Murine Heart Ventricles



Maturation is a time-dependent process

Day 6

Day 9

Day 12

Host

Day 12

(not integrated)

(6 - 12 days after implantation)

Q



5 days post-transplantation
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Maturation of CMs is a time-dependent process: 
Single cell electrophysiology (cells were isolated by collagenase/trypsin)



In vivo tracking of MSC by MRI
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Florian Drey, Laboratory for cardiac regeneration (Neef/Choi group, Cologne)



Assessment of cardiac function by MRI

Bonferroni Multiple Comparisons Test: 

x = MSC vs. CM+MSC

* = sham vs. CM+MSC

+ = sham vs. CM

p<0.001 (xxx/***/+++) 

p<0.01 (xx/++)

Sham

MSC

iPS-CM

iPS-CM+MSC

Healthy

Collaboration: Florian Drey, Laboratory for cardiac regeneration (Neef/Choi group, Cologne)

Systole

Diastole

Endocard

Epicard



Stem Cell
Therapy
of Heart



Therapy based on pluripotent stem cells:
Proofs of Principle, Strategies and future improvements

Human ES, iPS cells:
Prevent contamination
Differentiation, Mass
culture

Human ES, iPS cells:
Prevent contamination
Differentiation, Mass
culture

Establish pure cultures
of early organotypic cells
„lineage selection“

Establish pure cultures
of early organotypic cells
„lineage selection“

Test physiological
function

Test physiological
function

In vitro In vivo

Demonstrate efficacy:
Integration into host, 
Physiology, 

Demonstrate efficacy:
Integration into host, 
Physiology, 

Demonstrate safety
(tumor formation, 
contamina-tion) Tumors 
other than teratomas

Demonstrate safety
(tumor formation, 
contamina-tion) Tumors 
other than teratomas

Test methody to prevent
rejection
Reprogramming, hiPS 
cells, cell bank, 

Test methody to prevent
rejection
Reprogramming, hiPS 
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Preclinical

Experiments

Quality ControlQuality Control



Pluripotent Stem Cells Go to Clinic



Lancet, October 2014



Steven D Schwartz et al., Lancet 2014

(A) Patients with age-related 

macular degeneration

(B) Stargardt’s macular dystrophy

age-related macular degeneration

Stargardt’s macular dystrophy

Stargardt’s macular dystrophy



Manufacturing

Growth factors

Cell therapies

Drug screening

Toxicity testing

Clinical trials

Cell bankingTraining

Rsearch tools

Summary of Usage and Opportunities of 
Human Embryonic Stem Cells / iPS Cells
来自英国干细胞研究杂志的对于干细胞未来市场统计与预期分析

Personalized Medicine

1.000.000.000.000,-€

Anti Aging
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Greetings from our Cologne group
20th year jubilee
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